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Introduction
Self-organized oxide layers formed by anodization of metals under a set of specific experimental conditions have over the past years attracted considerable interest in science and technology [1] [2] [3] . Particularly, ordered metal-oxide structures formed from highly functional oxides such as TiO 2 may find wide application in dye-sensitized solar cells [4] [5] , photocatalysis [6] [7] [8] [9] [10] , biomedicine [11] , and other related fields. While a number of different self-organized oxide morphologies can be anodically grown on Ti (for example nanochannels [12] , fishbone structures [13] , or loose nanotube bundles [14] ), the most investigated structures over the past years were self-aligned TiO 2 nanotubes [2] [3] .
For growing these nanotube layers, dilute fluoride anion containing electrolytes are used [15] . Extensive work has been performed on optimizing anodization conditions and evaluate the influence of parameters such as pH, water content, fluoride content, or anodization voltage on the feasibility to form tubes and the influence on the resulting geometry [16] [17] [18] [19] [20] [21] . The majority of these efforts used static electrolytes or electrolytes agitated under not well defined conditions such as magnetic stirring [21] . However, recently we showed, using a rotating electrode configuration, that hydrodynamic conditions can significantly affect the TiO 2 nanotube growth rate and the final tube geometry [22] . In the present work, we show that under specific anodization and hydrodynamic conditions (typically more drastic anodization conditions), a transition from a TiO 2 nanotube morphology to a nanosponge morphology occurs. We define the key parameters for sponge formation and explore potential use for this morphology.
Experimental
To perform anodization under defined hydrodynamic conditions, a 3-electrode electrochemical cell with a rotating electrode configuration was used. The anode was a 
where  is the rotation speed expressed in rad·s -1 , r is the radius of the working electrode in cm and  and  are the density in g·cm -3 and dynamic viscosity in g·cm
of the solution, respectively [23] .
After each test, a field-emission scanning electron microscope (Hitachi FE-SEM S4800) was used for morphological characterization of the obtained samples. Xray diffraction analysis (XRD) was performed with a Philips X'pert MPD with a Panalytical X'celerator detector using graphite-monochromatized Cu Kα radiation. During the potential sweep, the current density shows a typical behavior observed for tube formation with a current maximum-minimum behavior [21] . Working under rotation smoothens the current-voltage behavior. Once the current sweep is finalized reaching the maximum of current density value, it gradually decreases and eventually reaches to a steady state level which represents a final state of an oxide formation/dissolution equilibrium [21] .
Results and discussion
Accordingly, larger steady state currents, that are observed for higher rotation rates, correspond to an accelerated oxide growth/dissolution equilibrium -in other words, sponge layer formation occurs at higher reaction rates. Both morphologies were annealed to anatase and photoelectrochemical water-splitting experiments were carried out by sweeping the potential in a 1 M KOH solution while periodically exposing the surface to AM 1.5 illumination (Figure 3) . The resulting photocurrent transients show that for the same length the sponge layers lead to a higher photocurrent density. In fact, the smaller the layer thickness, the better is the relative performance of the sponge compare with the tubes. This may be ascribed to the higher surface area that is typically observed for example for nanoparticle assemblies (resembling the sponge). Nevertheless, with a higher thickness, the better electron transport properties in tubes become increasingly important [24] . For the investigated 0.5 m layers, however, an almost twice increased photocurrent performance was obtained for the sponge morphology and this over the entire voltage range. While for tubes significantly higher photocurrent have been reported [25] the present results illustrate that for short aspect ratio the non-tubular morphologies can be superior.
In summary, the present work demonstrates that control of hydrodynamic conditions can be used to induce a morphology change when growing anodic oxide structures. A higher agitation rate can lead to the formation of a nanoporous sponge morphology which provides new features for various TiO 2 applications. 
